Objective: To examine the risk of fracture in patients with multiple sclerosis (MS) compared with population-based controls.
METHODS Data source. Information for this study was retrieved from the Dutch PHARMO Record Linkage System (RLS). The PHARMO RLS is a large, patient-centric data network including multiple linked observational databases designed for safety and outcomes research of drugs which collates patient records in 48 geographically defined areas in the Netherlands (covering a demographic region of 3 million inhabitants). For this source population, we have used pharmacy dispensing data linked to the national hospitalization registry of the Netherlands. 18, 19 Drug exposure information includes drug name, type of prescriber, dispensing date, amount dispensed, dosage instructions, and cost. Hospitalizations in the national hospitalization registry are coded with a discharge diagnosis, or a diagnosis for a day care admission (e.g., to receive IV administered drugs such as natalizumab) according to the International Classification of Diseases (ICD-9). In case a hospitalization is due to an external cause, such as an accident or poisoning, hospitals in the Netherlands are required to add a supplementary code to the code from one of the main chapters of ICD-9, indicating the nature of the condition (E800 -E999). A previous study using PHARMO RLS data has demonstrated a high level of data validity with respect to the reporting of hip fractures (Ͼ89% of fractures were confirmed).
20
Study population and design. We conducted a retrospective follow-up study on patients with MS and population-based controls. Our case population included all patients aged 18 years or older with at least one hospitalization with a recorded diagnosis of MS (ICD-9-CM: 340) during the period of PHARMO RLS data collection (January 1998 -December 2008). The index date for the patients with MS was defined as the date of the first diagnosis of MS after enrolment in PHARMO RLS. Each patient with MS was subsequently matched by year of birth, sex, and practice to up to 6 randomly selected controls from the general population (i.e., patients without a recorded diagnosis of MS in the national hospitalization registry at any time during enrolment). Controls were given the index date of their corresponding matched case.
Cases and controls were then followed from their index date to the end of data collection, the date of transfer of the patient out of the practice area, or the patient's death, whichever came first.
Study outcomes.
The records of all study participants were inspected for the occurrence of fractures after the index date. Fractures were classified according to ICD-9 categories 800 -829. A clinical osteoporotic fracture was defined as a fracture of the radius/ulna, vertebrae, femur, hip, humerus, pelvis, or ribs. In addition, the supplementary classification of external causes was used to identify which fractures were coded with a fall (ICD-9 categories E880 -886 or E888). For any, osteoporotic and hip fracture, we considered 2 additional endpoints: fractures with a recorded fall and fractures without a recorded fall.
Bias and confounding. The follow-up period for each participant was divided into 30-day intervals. The presence of risk factors was determined by reviewing the computerized records for any evidence of each risk factor before the start of an interval.
Potential confounders that were determined at baseline were sex and history of fracture. For a time-dependent analysis we considered age, a history of chronic diseases (asthma, congestive heart failure, rheumatoid arthritis, cerebrovascular disease, 21 noninfectious enteritis and colitis, renal failure, dementia, and epilepsy), as well as a history of falling 1 year to 3 months before the start of each 30-day interval. Any prescriptions for oral GCs, 22, 23 statins, antiarrhythmics (excluding digoxin and sotalol), antidiabetics, antidepressants, 24 antipsychotics, 25 hypnotics/ anxiolytics, 26 anticonvulsants, 27 estrogen containing hormone replacement therapy, 28 calcium, vitamin D, bisphosphonates, opioids, or asthma medication 6 months before the start of an interval were also considered as potential confounders. were osteoporotic fractures and 20 concerned other types of fracture, which included fractures of the face bones (n ϭ 2), fractures of the hand (n ϭ 2), fractures of tibia/fibula (n ϭ 6), and fractures of the foot/ankle (n ϭ 10). Table 2 reveals that patients with MS had a 4-fold increased risk of hip fracture compared with controls. The risk of osteoporotic fracture was increased 1.7-fold. Risks of any, osteoporotic, and hip fracture were significantly increased when the fracture had occurred in conjunction with a fall. However, for fractures without a recorded fall, risks were not significantly increased. Furthermore, the risk of any fracture was increased in women with MS vs women without MS, but not in men with MS vs men without MS.
The risk of osteoporotic fracture was significantly greater (more than 3 times increased) for patients with MS who had been prescribed antidepressants or hypnotics/anxiolytics in the previous 6 months, compared with all controls (table 3) . In addition, a longer duration of disease appeared to be associated with a greater risk of osteoporotic fracture. A comparison between patients with MS and controls who both used the same type of medication yielded slightly different HRs than the results in table 3: osteoporotic fracture risk among patients with MS who had been prescribed antidepressants compared to "control" patients who had been prescribed antidepressants yielded adjusted HR 2.52 (95% confidence interval [CI] 1.15-5.52), while prescription of hypnotics/anxiolytics among patients with MS revealed an adjusted HR of 4.06 (95% CI 2.13-7.75) compared to "control" patients who had been prescribed this medication (data not shown). When we compared patients with MS who had used antidepressants and controls who also had used antidepressants with nonexposed patients, we found a significant difference between exposed patients with MS and exposed controls ( p ϭ 0.006). For the use of hypnotics/anxiolytics, the difference between patients with MS and controls was significant as well ( p Ͻ 0.001).
A small proportion of the patients with MS had been prescribed calcium (3.1%), vitamin D (3.8%, sometimes in combination with calcium), or a bisphosphonate (4.8%) at least once during follow-up. In controls these proportions were 2.3%, 3.0%, and 2.8%, respectively.
DISCUSSION
In this study, we found that patients with MS had a 4-fold greater risk of hip fracture than controls. Overall, we found that the risk of osteoporotic fracture was increased 1.7-fold, and that fracture risk was significantly greater for patients with MS who had recently been prescribed antidepressants or hypnotics/ anxiolytics, compared with controls.
Our results are in line with those from other studies that have reported on fracture risk 17 or low BMD in patients with MS. 4 -8 Using data from the General Practice Research Database (UK), we have previously shown that patients with MS were at an increased risk of fracture. 17 In that study, patients with MS (n ϭ 5,565, 5.7 years of follow-up from their first MS diagnosis) had an almost 3-fold increased risk of hip fracture and a risk of osteoporotic fracture that was increased 1.4-fold, compared with controls. A cohort study 4 reported that at baseline patients with MS had had significantly more fractures than agematched controls and BMD in patients with MS was almost 1 SD lower in the spine and 1 to 1.6 SD lower in the femoral neck. However, the authors do not provide duration of disease. A Turkish study 6 examined patients with MS (mean duration of disease 7.3 years) and found that BMD at the lumbar spine in MS was nearly 1 SD lower than in controls. Similarly, a cross-sectional study showed that BMD values were significantly lower in patients with MS (mean disease duration 8.4 years in women and 10.4 years in men) at the lumbar spine and femoral sites, compared with controls. 8 A reduced BMD at either the lumbar spine or the femoral neck was found 5 in 80% of male patients with MS with a mean disease duration of 17.0 years. Of these men, 43% had osteopenia and 37% had osteoporosis. In women with MS, 38% had osteopenia and 44% had osteoporosis. In this study, we found that the risk of fracture was increased in female patients with MS, but not in male patients with MS. This may be explained by lower bone mass in women with MS. 3 The increased risk of hip fracture that we found in association with MS may be caused by different underlying mechanisms. It is generally accepted that MS increases the risk of falling, 9 -11 due to the symptoms of the disease including imbalance, muscle weakness, blurred vision, and dizziness. In our study, we found that the risk of fracture for patients with MS was particularly elevated when considering frac- tures related to a fall. A Swedish study 9 found that the odds of falling were doubled for each whole step on the Expanded Disability Status Scale score for patients with scores between 3.5 and 6.0. Another study 11 reported that never or occasional use of a wheelchair approximately doubled the risk of falling compared with the use of a wheelchair all the time. Thus, the association between disability and risk of fracture is unclear. Intuitively, the more disabled a patient becomes, the greater might be their risk of falling. When a patient starts using a wheelchair, however, their risk might actually decline. Certainly, immobility has been linked with a reduced BMD, probably due to increased renal calcium losses, decreased gastrointestinal calcium absorption, and increased bone turnover. 7 Other causes of low BMD in patients with MS include the inflammatory nature of MS, 29 the use of GCs, 4, 7, 15 and low vitamin D levels. 6 These are discussed next. MS is an inflammatory autoimmune disorder and it has been shown that inflammatory autoimmune disease often leads to bone loss. 16 Among the supposed mechanisms of bone loss are the increased destruction by osteoclasts, both locally and systemically, as well as the inhibition of bone formation by osteoblasts.
GC-induced osteoporosis can also be explained by systemic or direct effects on bone cells. 30 It has been demonstrated that patients who receive several courses of high-dose GCs (daily dose Ͼ15 mg and cumulative exposure Ͼ1 g in prednisolone equivalents) have a substantially increased risk of fracture. 23 Patients with MS who experience a relapse are often prescribed a short course of methylprednisolone, either orally or IV, with a dosage that corresponds to 1.5-3.3 g prednisone equivalents. However, in our study, the number of osteoporotic fractures among recent GC users was too low to assess the role of GCs on fracture risk and information on the use of IV GCs was not available. Nevertheless, it is possible that the use of GCs might contribute to the increased risk of osteoporotic fracture observed.
It has been shown that vitamin D deficiency is common in patients with MS. 4 -6 Vitamin D deficiency has been associated with low BMD 6 and, in addition, low vitamin D levels may modulate the clinical course of MS. 31, 32 In our study, we found that only a small percentage of patients with MS had been prescribed vitamin D and we were unable to capture other sources of vitamin D (e.g., through over the counter use, diet, or sunlight exposure). Therefore we cannot comment on its association with fracture risk. Nevertheless, in case vitamin D proves to have a positive effect on the course of disease and increased BMD, treatment may provide beneficial effects on 2 clinically relevant aspects of MS.
In this study, among recent users of hypnotics/ anxiolytics, we found significantly more osteoporotic fractures associated with MS, a finding that corroborates reports from elsewhere. 33 In addition, we found that in patients prescribed antidepressants, osteoporotic fracture risk was increased for patients with MS, a finding also reported elsewhere. 24 One of the possible mechanisms by which antidepressant use may contribute to fracture risk is the effect that antidepressants could have on the microarchitecture of bone. 34 Also, the use of antidepressants has been associated with an increased risk of falling 35 and depression itself might also increase fracture risk. 36 Strengths of our study include its reasonable sample size and the duration of follow-up. This is one of the first studies to estimate the risk of fracture in patients with MS compared with healthy controls using a large population-based cohort. Moreover, we had detailed longitudinal information on drug prescribing, which enabled us to stratify by exposure to medication. Our study has several limitations. Data on smoking and body mass index (BMI) were not available. In our study, the absence of data on smoking and BMI may have led to an overestimation of the association between MS and fracture risk. 37, 38 Information on the degree of disability in patients with MS was lacking too, as well as information on the course of each patient's disease and data on medication that has been administered in hospitals. Because patients with MS in our study were included based on a hospital registration, there may have been a selection bias toward patients with more severe MS. Therefore, there may have been patients with MS in our cohort who had longstanding MS before their start of follow-up, although the mean length of their disease (at first recorded ICD code) has probably decreased during the period of data collection. Over the last decade, the number of day care admissions for Dutch patients with MS has increased approximately 4-fold, from 2.6/10,000 person-years in 1998, to up to 9.4/ 10,000 person-years in 2008, 39 probably because of the availability of new treatment options such as natalizumab. A small proportion of our control patients may have had MS, because we could only identify patients with MS from the registry of inpatient and day care admissions. This may have slightly decreased the HR toward the null. Since PHARMO RLS only comprises information on inpatient diagnoses, there may have been an underregistration of fractures of extremities. Not every patient with such a fracture may be hospitalized, but treated as an outpatient instead. This may have led to a nondifferential misclassification and thus an underestimation of a true association between MS and these fracture types. Furthermore, we cannot be certain whether the increased risk of fracture that we found with exposure to antidepressants and hypnotics/anxiolytics was associated with use of the medication or worsening of MS. Although the control population in our study (which was pharmacy-based) may have slightly differed from the controls in our UK study (which were general practitioner-based), this has probably not substantially influenced our pivotal results, because they were similar. The ICD and ATC codes that were used for the potential confounding variables have not been validated.
The identification of patients with MS using one recorded ICD code indicating MS in PHARMO RLS has not been validated. We have however analyzed data from the United Kingdom and Denmark. The study population from the United Kingdom has been described elsewhere. 17 Work on the Danish study population has been accepted for publication but not published yet. In brief, we identified all patients from the nationwide Danish MS Registry (from 1949 onwards) 40 and linked their data to the national hospitalization registry using a unique personal identifier. The linked dataset comprised 13,841 patients with MS. In the United Kingdom, 80.7% of all MS diagnoses that were recorded in the national hospital registry were also recorded in the UK General Practice Research Database. In Denmark, 99.5% of all MS diagnoses in the national hospital registry were also recorded in the national MS Registry. The chance of a false-negative was 31% in the UK data (probable patients with MS from the GPRD study who had no diagnosis in the national hospital registry) and 4.1% in Denmark (patients who were registered with MS in the MS Registry, but had no diagnosis in the national hospital registry). For a false-positive, chances were 8.5% in the UK data (patients who had a recorded MS diagnosis in the hospital registry, but were not probable patients in GPRD) and 2.3% in Denmark (recorded MS diagnosis in the hospital registry, but not in the MS Registry). Overall, we found that patients with MS had a substantially increased risk of hip fracture and that the risk of osteoporotic fracture was greater for patients with MS who had recently been prescribed hypnotics/anxiolytics or antidepressants. Fracture risk assessment may be indicated in patients with MS.
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